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The effects of cultivars and piant spacings on
biological yield, seed yield, seeds per pod, average seed
weight, and harvest index of beans (Phaseolus vulgaris L.)
were studied in 1987 and 1988. Two cultivars, 'Blue Lake 27'
and 'Kentucky Wonder 125' and four plant spacings -- 7, 14,
21, and 28 cm, constituted eight treatments that were
arranged in a split-plot with four replications. Each
experimental unit or hill consisted of five plants -- four in
the corners and one in the center of a square. Spacings
treatment were established by varying the distance between
the center plant and the four corner plants. Corner plants
provided competition; only the center plant was harvested for
experimental data. The data were subjected to analysis
variance procedure for a split-plot design, assuming a fixed
model.
The cultivars had similar biological yield curves during
the 1987 growing season and did not differ significantly for
biological yield at the final harvest either year. Kentucky
Wonder 125 produced significantly higher average seed weight
viii
and harvest index, but fewer seeds per pod, than did Blue
Lake 274. In 1987, seed yield per plant was higher for Blue
Lake 274 than for Kentucky Wonder 125: however, the
cultivars did not differ significantly for seed yield per
plant in 1988.
Spacing treatment effects were not significant when
expressed through seed yield per plant, seeds per pod,
average seed weight, or harvest index. Spacings affected
biological yield significantly in 1988, but not in 1987. The
linear response of biological yield to spacing was positive
and significant both years. The linear effect of spacings on
pod yield was significant in 1988, but not in 1987.
Drought conditions in 1987 and 1988 adversely affected
bean growth and seed production. The experimental error, as
evidenced by large coefficients of variation for treatment
means, was unusually high. Consequently, some true cultivar
and spacing effects may not have been detected.
ix
INTRODUCTION
The garden bean (nuseolus vulgaris L.) is included
among the nine crops that provide at least five percent of
the average national intake of nutrients. It is also
included among the world's top thirty crops that produce
at least 10 million metric tons annually (19). The
garden bean is a valuable source of protein,
carbohydrates, phosphorus, calcium and vitamins (10, 11,
22).
Bean seed yield has not increased significantly in the
last decade (8, 15). However, bean pod yield has been
increased by increasing the plant population through more
equidistant plant arrangement (8, 17, 20, 27). High seed
yield of dry bean is obtained when the yield components,
pods per plant, seeds per pod, and seed weights are
maximized (1).
Beans are commonly grown in wide rows (75 to 90 cm),
because many mechanical planters and cultivators used in
bean production were designed for maize (Zea may  L.)
culture. More recently, machinery and cultural practices




The effects of spacing on snap bean yields have been
investigated primarily in Latin America (17, 21). Narrow
row spacing offers several potential advantages: 1) more
efficient utilization of incident solar radiation,thereby
increasing yield, 2) more shading of soil, resulting in
lowered soil temperature and reduced weed competition, and
3) additional plant root and stem material, protecting the
soil from erosion (26).
The importance of beans in human nutrition
warrants further study of ways to maximize yields. The




Common beans (Fhaseolus vulgarig L.) are native to the
new world, probably originating in Central Mexico and
Guatemala. Explorers took them to Europe, Africa and other
parts of the old world. They are widely cultivated in the
tropics, subtropics, and temperate region. Approximately
thirty percent of world production is in Latin America (11).
The common bean includes different types that are
known by many names. Those grown for the immature pod are
known as snap, garden, green, string, French, wax and
yellow beans. Those grown for the mature seed, such as the
kidney bean, are known as dry beans (11, 14, 30)
Also, beans may be classified as determinate (bush)
or indeterminate (pole) types. The bush bean is a short
erect plant 0.5 or 1 m in height. They are used for
quick production, and need to be planted every two weeks to
promote continuous production. Pole beans develop vines
that must be supported. They grow longer periods than bush
beans and, therefore a single planting may produce through-
out the season (3, 11, 14, 21, 30).
Beans are warm season crops and are grown in all parts
3
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of the United States. They should not be planted until the
soil is wars (20°C). Bush beans are cossonly planted 2.5 -
3.8 cm deep and spaced 5 or 10 cm apart tn rows spaced 61 co
apart (12, 30).
Plant Spacings
The effects of plant density and row spacing on seed
yield of bush snap bean have been investigated in several
studies (7, 8, 14, 15, 22, 25). Crespo and Torres (7)
reported that `Blue Lake 47' reached its maximum marketable
yield at 8 cm spacing within rows spaced 45 cm apart. The
yield dropped consistently as the distance between rows
increased. Maximum yield of `Harvester' was obtained at 8 cm
spacing within rows spaced 30 cm apart. Studies conducted in
Arkansas showed that snap bean grown in rows spaced 23 cm
apart (140,940 plants ha-1) yielded up to 68 percent higher
than those grown in rows spaced 102 cm apart ( 63,585
plants ha-1 ) (25).
Crothers and Westermann (8) stated that maximum plant
population for seed yield was approximately 400,000 plants
ha for bush cultivars, and somewhat less than 300,000
plants ha-1 for the semi-vining cultivars. At lower plant
populations, seed yields decreased for bush cultivars and
remained constant for semi-vining cultivars.
Reporting on the effects of inter- and intra-row
spacing and the number of seeds per hill on the yield of
Prench bean, Prasad et al. (22) showed that the inter and
intra-row spacing of 23 x 25 cm produced significantly
higher yield than the other spacings (30 x 30, 30 x 25,
and 25 x 30 cm). The minimum yield was recorded with 30 x
30 cm spacing: however, they found no significant
differences among 30 x 30, 30 x 25, or 25 x 30 cm spacing.
Grain yield was significantly increased by planting two
seeds per hill as compared to one seed per hill. The
interaction of spacing and number of seed per hill was not
significant, but the highest yield was obtained from the
25 x 25 cm spacing with two seeds per hill. Grafton et al.
(15) found yield per hectare of the indeterminate pinto
bean 'UI-114' and determinate navy bean 'Seafarer'
increased by 52 and 44 percent, respectively, as row
spacing decreased from 75 to 25 cm. Seed yield of UI-114
did not increase with increased plant population, but yield




. They also reported from another
experiment that the yields of navy bean genotypes were as
much as 57 percent higher when grown at 19 cm as compared
with 76 cm row spacing.
Kueneman et al. (17) determined that narrow rows
resulted in significantly higher (7 to 48 percent) yield in
seven of nine experiments. At a given population density,
plants in more equidistant arrangement yielded significantly
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higher than those in sore rectangular arrangement. They
showed that plants spaced 23 x 23 cm yielded more (11
percent) than those spaced 76 x 8 cs. Plants spaced 20 x
20 cm yielded more (12 percent) than those spaced 76 x 5
cm. Yield of five genotypes spaced 30 x 10 cm averaged 48
percent higher than those spaced 60 x 5 cm. Moreover, Mack
and Hatch (23) reported that yield of bush snap beans was
higher when plants were in a square arrangement than when
the same population density was in rows spaced 30.5, 61, or
91.5 cm apart. They found that plants spaced 12.7 x 12.7
-
and 15.24 x 15.24 cm (44 to 66 plants m?) produced higher
yields than plants spaced 10.2 x 10.2, 17.8 x 17.8, 20.3
x 20.3, or 22.9 x 22.9 cm. Leakey (18) compared '13anja'
and 'Diacol Nima' when grown in row spacing, at populations
equivalent to 5.4 to 32.3 plants m
-2
at four levels of
fertility and found no significant interaction between
cultivars and spacings. Seed yield reached a plateau for
response to increased population at the two highest
fertilizer levels (246 and 492 kg ha-1). However, at the
two lower fertilizer levels (0 and 123 kg ha 1) yield
increased significantly as population increased from 215,000
to 323,000 plants ha-1.
Some researchers have reported the effects of planting
density and row spacing on number of pods per plant.
Westermann and Crothers (28) found that pods per plant
increased linearly as area per plant increased (decreasing
plant population) tor determinate (UI-114 and Sig Rend) bean
cultivars. Using plant dens4ty and three planting designs:
conventional row, square, and triangle, Wahab et al. (27)
found that, in all three planting designs, higher plant
densities (up to 116 plants 1) gave higher pods yield per
unit area, but reduced number of pods per plant. Pod yield
did not differ from one design to the other in the first
year's experiment. However, in the second year's experiment
the triangle design gave the highest average yield and the
row design gave the lowest average yield. They suggested
that equal spacing in all directions gave a yield advantage.
Research done in New Zealand (14) showed that pods per
plant and yield per plant were inversely related with yield
per hectare. Yield per hectare generally increased with
increasing plant density, especially with a decrease in row
width. Highest yields were obtained with the closest spacing
in the narrow row. Tompkin et al. (26) observed that row
spacing was the most prominent factor in determining the
number of pods. Plant spacings significantly affected the
weight of pods. As the plant density within the row
increased from 20 to 40 plants m-2, the pod yield increased
by 14 percent.
Goulden (14), using the navy bean `Sanilac' spaced 5
and 10 cm within rows spaced 20 and 40 cm apart, reported no
significant differences between treatments in number of
seeds per pods or 100-seed weight. Crothers and Westermann
(S) found that seeds per pod and seed weight increased as
area per plant increased for the indeterminate cultivate,
but remained relatively constdnt for the determinate
cultivate. Coyne (6) found low correlation for mean seed
weight and number of seeds per pod with seed yield.
Westermann and Crothers (26) stated that neither seed weight
nor seeds per pod had much influence on seed yield.
Harvest Index
Harvest index was defined as the ratio of seed yield
to biological yield. Biological yield was calculated as
total above ground biomass. A positive relationship was
detected between biologial and seed yields. As biological
yield increased, seed yield increased proportionally and
the ratio or harvest index remained the same (16).
Some researchers have found that high population and
close plant spacing have an effect on harvest index of
soybeans. Shibles and Weber (23) found that high population
or close plant spacing in any one direction tended to result
in a lower harvest index for 'Hawkeye' soybean. Buttery (4)
reported that increased population of `Harosoy 63' at 4, 8,
16, and 32 plant M-2 decreased the harvest index. Wilcox
(29) found that harvest index of soybean cultivars under
equidistant spacing decreased as population increased from
2.5 to 58.2 m
-2
. Buzzel and Buttery (5) observed no
significant response of soybean harvest index to increasing
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population. Crothers and Westersann (11) found that with bush
snap bean the harvest index was higher for UI-114 than tor
`Canyon' at all plant populations (107,600 to 968,700
plants ha 1) The harvest index or Canyon increased slightly
as the plant population decreased, whereas that for UI-114
decreased slightly at 300,000 to 400,000 plants ha', and
then increased at lower plant populations.
Cult ivars
Bush type is the most popular snap bean because it
matures earlier and requires less space. Most cultivars of
bush snap beans have pods ready for harvest within 50 to 60
days from seeding. The bush bean is a short erect plant 30
to 60 cm in height. They are used for quick production,
and successive plantings every 2 weeks are needed for a
continuous supply. Bush snap beans are normally planted
2.5 to 3.8 cm deep and spaced 5 to 7.6 cm apart in rows
that are spaced 60 to 90 in apart. Approximately 0.45 kg of
bush snap bean seeds are required to plant 30.4 m row (3,
12, 30). In 1984, average yield of bean in The United States
was 1596 kg ha-I (2).
The purpose of this study is to evaluate the effects
of selected spacings and cultivars ('Blue Lake 274' and
'Kentucky Wonder 125') on seed yield, yield components and
harvest index of bush snap beans (Phaseolus vulq4rIP L.)
when grown at Bowling Green, Kentucky.
MATERIALS AND mrTmoos
This study was conducted on the Western Kentucky
University Fars at Bowling Green, Kentucky, in 1987
and 1988. Two bush snap bean (Phaseolug vulgaris L.)
cultivars, `Blue Lake 274' and `Kentucky Wonder 125' were
planted on a Linside silt-loam (fine-silty mixed, mesic,
Fluvaquentic Eutrochrepts, pH 6.3, P-134 kg ha-1, K-423 kg
ha and two percent organic matter) on 30 May and 2 June in
1987 and on 14, 15 and 17 May 1988.
Blue Lake 274 produces a lush, green bush with
moderately open growth habit, facilitating easy picking. The
mature plant is approximately 42 cm high and 48 cm wide. The
dark green pods are round, measuring 12 to 14 cm in length.
Kentucky Wonder 125 Produces an upright, tall bush, normally
50 cm high and 55 cm wide. Pods are borne high on the strong
bush, largely preventing them from touching the soil. The
medium green pods are flat, measuring 15-18 cm in length.




 were broadcast into the seedbed prior to plonting. No
other fertilizer was applied. Pre-plant inc -)rporated
herbicide, metolachlor [2-chloro-N-(2-ethy1-6 methylpheny1)-
N-(2-methoxy-l-methylethyl)acetamide] and post emergence
herbicide, bentazon 13-(1-methylethyl)-(1H) -2,1,3-
10
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benrothidiasin-4(3N)-one 2,2-dioxide) were applied each year
at 2.24 and 1.12 kg ha'', respectively, followed by hand-
weeding as necessary during the growing season. Insectcide
carbaryl (1-naphthyl N-sitthylcarbasate)





moisture Was supplemented by handwatering and by overhead
sprinklers. The experiment included 8 treatments with four
replications arranged in a split-plot design. The eight
treatments consisted of four spacings and two cultivars.
Each treatment was arranged in a square consisting of five
plants one at each corner and one at the center. Four
spacings, from center to corner plants, were 7, 14, 21, and
28 cm. Seeds were planted by hand. Two seeds were planted in
each hill. Two weeks after emergence, plants were thinned,
leaving the more vigorous plant in each hill.
The plant in the center of the square was both the
experimental and sampling unit. In 1987, center plants were
harvested begining 2 weeks after planting and continuing at
weekly intervals throughout the growing season for a total
of 10 weekly harvests. In 1988, the severe drought limited
the number of complete hills (experimental units);
therefore, weekly harvests were delayed until pods were
produced, permitting a total of 4 harvests. All plant
material was weighed fresh and oven-dried (70°C). The plants
were divided into leaves, stems, pods, and seeds as the
stage of maturity permitted. The following traits were
1)
recorded: a) seed yield per plantsb) pod weight por plant;
C) seed number per pod: d) seed weight: e) biological yield:
and f) harvest index. Tho data were subjected to the
analysis of variance procedure for split-plot design,
assuming a fixed model.
RESULTS
Biological Yiald
For biological yield, the total above-ground portion of
the plant was harvested and oven-dried. In 1987, biological
yield were taken one week after plant emergence and
continued until maturity, resulting in ten weekly harvests.
In 1988, due to shortage of number of complete hills,
biological yields were delayed until the onset of pods,
resulting in four weekly harvests.
Biological yield data are presented in Table 1 and 2
The two cultivars had similar biological yield curves in
1987 (Figure 1) and did not differ significantly for
biological yield at the final harvest either year (Table 7
and 8). For the spacing treatments, differences in
biological yields were not consistent during 1987 and were
not significant at the final harvest either year (Table 7
and 8). However, the linear effect of plant spacing on
biological yield was significant both years, indicating that
plant yield did respond positively to increased spacing.
These results support the previous research done by Donald
and Hamblin (9) who found that biological yield increased
13
14
Table 1 Biological yield (q/plant dry weight) of two
cultivar of bush snap bean grown at Bowling
Green, Kentucky, in 1987.
Weeks after emergence
Cultivar 1 2 3 4 5 6 7 S 9 10
Blue Lake 274
Spacings (cm)
0.2 0.5 1.3 3.7 4.7 19.0 8.6 22.4 43.9 62.0
14 0.4 0.9 1.9 4.9 9.7 20.3 26.1 33.2 38.6 49.2
21 0.3 0.8 2.6 5.3 6.0 24.3 26.6 31.7 28.2 84.0
28 0.3 1.0 1.8 4.4 16.4 24.6 32.0 24.3 27.0 100.7
Average 0.3 0.8 1.9 4.6 9.2 22.1 23.3 23.3 34.4 74.0
Kentucky Wonder 125
Spacings (cm)
7 0.2 1.0 2.5 5.2 7.1 11.4 28.2 34.3 50.0 50.0
14 0.4 1.6 2.6 4.9 5.3 11.5 17.6 18.2 14.8 86.8
21 0.4 1.4 3.6 10.4 7.1 24.0 13.7 14.8 27.3 79.0
28 0.3 1.0 3.2 6.6 11.7 18.2 21.7 25.2 30.2 39.3
Average 0.3 1.2 3.1 7.1 7.6 16.1 20.3 21.6 30.5 63.8
Table 2 Biological yield (g/plant dry weight) of two
cultivars of bush snap bean grown at Dowling
Green, Kentuckys in 1988.
Cultivars
Weeks after emergence
9 10 11 12
Blue Lake 274
Spacings (cm)
7 51.5 51.7 74.7 792.2
14 55.0 72.2 40.0 709.0
21 48.5 76.7 70.0 902.5
28 64.5 64.5 56.0 1010.0
Average 54.9 58.4 60.1 853.4
Kentucky Wonder 125
Spacings (cm)
7 44.0 57.2 63.5 668.5
14 41.7 74.5 46.0 744.5
21 35.5 49.2 63.5 761.7
28 87.2 66.2 60.7 1051.7
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Wonder 125 grown in 1987 at Bowling Green,
Kentucky.




Blue Lake 274 and
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with density to • maxieus value and at higher densities
tended to remain cor.stant. They also noted that the maximum
biological yield and the maximum grain yield were achieved
at about the Sem* density.
The loaf/stem ratio increased from the first through
tht• fourth .week, but then decreased until the final harvest
0.igure 2). Blue Lake 274 had a slightly higher leaf/stem
ratio than Kentucky Wonder 125. At the final harvest,
leaf/stem ratio between the two cultivars was the same.
Pod Yield
Pod yield data and statistical analyses are presented
in Tables 3 and 4, and 7 and 8 respectively. In 1987 Blue
Lake 274 produced significantly higher pod yields than
Kentucky Wonder 125, but spacing effects on seed yields were
not significant. In 1988, neither the cultivars nor spacing
treatments had a significant effect on pod yield. However,
the linear effect of the spacing treatment was significant
in 1988 showing that pod yield responded positively to
increased spacings.
The significant linear effect of spacing on pod yield
supports the results of Wahab et al.(27) who found that
higher planting densities gave reduced numbers of pods per
plant. The linear effect results are contradictory to those
reported by Westermann and Crothers (28) who
observed significant positive correlation between density













1 2 3 4 5 6 7 8 9 10
Weeks after emergence
Figure 2: L/S ratio of Blue Lake 274 and Kentucky Wonder
125 grown in 1987 at Bowling Green, Kentucky.
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Table 3 : Leaf, sten, pod, and seed yield of two cultivars
of bush snap beans grown at tour spacings in 1987.
Traits
Leaf Stem Pod Seed
Weeks after emergence
Cultivars 8 9 10 8 9 10 8 9 10 8 9 10
Blue Lake 274
Spacings (cm)
7 10 12 16 3 6 16 5 14 30 1 4 15
14 12 10 10 5 5 13 3 16 27 0 5 14
21 12 11 21 5 4 21 6 10 42 1 3 21
28 13 16 49 4 6 31 6 6 46 2 1 19
Average 12 12 24 4 11 36 5 11 36 1 3 17
Kentucky Wonder 125
Spacings (cm)
7 17 17 18 10 9 18 1 6 14 0 2 6
14 13 7 31 5 4 21 0 3 28 0 0 13
21 11 19 32 4 8 27 0 1 15 0 0 4
28 18 22 20 7 8 23 0 0 24 0 0 8
Average 15 16 25 6 7 24 0 2 20 0 0 8
30
Table 4 : Leaf, stem, pod, and seed yiald of two aultivars of






Cultivar 10 11 12 10 11 12 10 11 12 10 11 12
Blue Lake 274
Spacings (cm)
7 15 10 60 18 20 101 19 22 143 4 7 7
14 19 15 63 17 25 98 19 24 123 4 9 6
21 17 11 72 17 28 115 14 34 193 2 15 11
28 23 13 70 26 16 117 15 16 192 2 4 11
Average 18 22 66 19 22 108 17 24 163 3 9 9
Kentucky Wonder 125
Spacings (cm)
7 13 13 44 13 28 83 15 33 150 3 13 9
14 16 15 46 15 20 100 10 28 177 3 13 1
21 13 11 52 14 23 104 8 30 162 1 14 9
28 23 11 76 32 22 130 29 23 216 7 11 12
Average 16 12 54 18 23 104 15 28 176 3 13 8
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Seed Yield
Seed yiald data and statistical analyses are presented
in Tables 3 and 4, and 7 and 8. respectively. Cultivars
differed significanly for seed yield in 1987 with Blue Lake
24 yielding higher than Kentucky Wonder 125. Neither
cultivars nor spacing treatments had any significant effect
on seed yield. Likewise, the interactions between cultivars
and spacing treatments were not significant either year.
Seed yields were significantly correlated with pod yields,
biological yields and harvest indexes (Table 9).
These results for seed yield are generally supportive
of previously reported results. Froussious (13), using
within row spacings similar to plant spacings of this trial,
found no significant differences for seed yield between
treatments. In comparisons of 1 Diacol Nima' and 'Banja' and
various plant spacings, Leakey (18) obtained no interaction
between cultivars and spacing treatments. Westermann and
Crothers (28) found significant positive correlation
between plant density and seed yield per plant.
Seeds Per Pod
Seeds per pod data and statistical analyses are shown
in Tables 5 and 6, and 7 and 8. respectively, Cultivars
differed significantly both years. Blue Lake 274 averaged
5.7 and 5.9, whereas Kentucky Wonder 125 averaged 4.9 and
4.6 beans per pod in 1987 and 1988, respectively. Plant
spacing had no significant effect on seeds per pod either
23
Table S : Number of beans per pod, average seed weight, and
harvest index of two cult ivars of bush snap beans
grown at four spacing in 1987.
Traits





7 6.0 13.6 27.5
14 5.2 12.7 23.4
21 5.7 14.0 30.5
28 5.7 11.8 32.0
Average 5.7 13.0 28.4
Kentucky Wonder 125
Spacings (cm)
7 4.7 13.9 18.6
14 5.0 15.0 19.4
21 5.0 20.0 21.1
28 5.0 16.4 20.7
Average 4.9 16.3 19.9
2)
Table 6 : Humber of seeds per pod, average seed weight, and
harvest index of two cult ivar of bush snap beans
grown at four spacing in 1988.
Traits
Cultivar Seed per pod Average seed weight Harvest index
Blue Lake 274
Spacings (cm)
7 6.0 23.6 20.4
14 5.5 22.8 26.0
21 6.0 27.0 28.2
28 6.1 27.4 28.2
Average 5.9 24.9 25.7
Kentucky Wonder 125
Spacings (cm)
7 5.5 31.1 31.8
14 4.7 31.9 28.8
21 4.0 29.5 33.7
28 4.0 29.5 29.6
Average 4.7 30.5 31.0
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year. Neither the limper effects of spacing nor the
interaction effects between spacing and cultivars were
significant for seeds per pod. In studies of the effects of
plant population and row spacing on yield and component of
yield of navy bean, Goulden (14) found no significant
differences between treatments in number of seeds per pod.
However, Grafton et al. (13) observed that the number of
seeds per pod was positively correlated with row spacing
and negatively correlated with plant population.
Seed  Wei_ght
Average seed weights and statistical analyses are
presented in Tables 5 and 6, and 7 and 8, respectively. For
seed weights, Blue Lake 274 averaged 13 and 25, whereas
Kentucky Wonder 125 averaged 16 and 31 gram/plant in 1987
and 1988, respectively. Average seed weight was not
affected significantly by individual spacing treatments, by
the linear effect of spacings, or by the interaction beween
cultivars and spacing. Significant correlations were
observed between seed number per pod and average seed weight
on Blue Lake 274 both years, but not on Kentucky Wonder 125.
Goulden (14) found that average seed weight was not affected
by spacing treatments.
The cultivars differed in their relative ranking for
seeds per pod and seed weight; Blue Lake 274 produced more
seeds per pod, whereas Kentucky Wonder 125 produced heavier
2%
seeds. Gouldon (14) also found negative correlation between
seeds per pod and average seed weight.
Harvest Index
Harvest index data and statistical analyses are
presented in Tables 5 and 6, and 7 and 8, respectively. The
cultivars differed significantly for harvest index; however,
their relative positions were reversed in 1988 as compared
to 1987. Blue Lake 274 averaged 28 and 20 percent, and
Kentucky Wonder 125 averaged 26 and 31 percent in 1987 and
1988, respectively. The harvest index was not affected
significantly by individual spacing treatments or by the
linearity effect of spacing There were highly significant
positive correlations between harvest index and seed yield,
but Johnson and Major (16) found no correlation between
harvest index and seed yield.
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Table 7 Analysis of veriance for yields. component of
yields and harvest index of two cultivars bush
snap beans in 1987.



















1 2199.21* 473.27 176.19 0.02 7.01 4.90
Deviation from L. R.
2 280.11 161.65 45.63 0.17 25.96 40.05
Error A 9 305.84 126.38 54.96 0.90 20.09 53.81
Cultivar (C)
1 28.15 459.50* 212.69* 4.50** 87.45* 612.50**
S X C 3 356.26 131.86 45.02 0.33 12.65 46.33
Error B 12 207.40 85.29 44.33 0.62 21.23 49.12
and ** indicate significance at the 0.05 and 0.01,
respectively.
Table I : Analysis of variance for yields. component of
yields and harvest index of two cultivars bush
snap beans in 191e.













Total 31 560.74 190.22 76.49 1.16 18.37 31.44
Replication
3 895.62 272.37 45.55 1.25 8.85 14.27
Spacing (S)






1000.00* 157.61 0.00 7.01 17.75
2 93.24 45.06 109.85 0.87 0.52 0.67
Error A 9 660.99 194.18 73.12 1.05 19.87 18.40
Cultivar (C)
1 3.78 91.12 118.89 6.12* 226.31** 128.40*
S X C 3 308.57 157.25 75.33 0.21 25.26* 77.13
Error B 12 342.57 139.93 70.19 1.19 4.49 32.29
and ** indicate significance at the 0.05 and 0.01,
respectively.
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Table 9 : Correlation coefficients for plant spacings, seed
yield, components of yield and harvest index of
two cultivars of bush snap beans grown at Dowling








Ky. W. B. L. Ky. W.
Seed yield 0.31 0.38 0.63* 0.26
Pod yield 0.40 0.44 0.55* 0.33
Seeds per pod 0.17 - 0.13 - 0.04 0.10
Seed weight 0.34 - 0.23 - 0.12 0.26
Biological
yield 0.10 0.56* 0.45 0.41
Harvest index 0.10 0.03 0.40 - 0.33
Seed yield with:
Pod yield 0.89** 0.98** 0.94** 0.96**
Seeds per pod 0.05 0.05 0.17 0.07
Seed weights 0.27 0.19 0.24 - 0.45
Biological
yield 0.83** 0.76** 0.78** 0.87**
Harvest index 0.74** 0.70** 0.72** 0.73**
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Continued from table 9 :
Characters B. L.
Pod yield with :
4111DINI  
Ky. W. B L. Ky. W.
Seeds per pod - 0.03 0.22 0.07 - 0.00
Seed weights 0.34 0.07 0.33 - 0.52
Biological
Yield 0.87** 0.86** 0.73** 0.21
Harvest index 0.59* 0.67* 0.50 0.33
Seeds per pod with :
Seed weights 0.59* - 0.06 0.52* 0.18
Biological
yield - 0.11 - 0.01 - 0.15 0.10
Harvest index 0.13 - 0.41 0.47 - 0.24
Seed weight with :
Biological
yield 0.26 0.01 0.34 - 0.52*
Harvest index 0.08 0.20 0.06 - 0.21
Bilogical yield with :
Harvest index 0.19 0.24 0.18 0.07
B. L. and KY. W. are Blue Lake 274 and Kentucky Wonder 125,
respectively.
* and ** indicate significance at the level 0.05 and 0.01,
respectively.
DISCUSSION
Both the 1987 and 1988 Iwing seasons were
characterized by atypical weather. Temperature was higher
and rainfall was lower than normal in Central Kentucky
(Table 10). These drought conditions not only retarded plant
growth but also reduced seed yield. During the hottest
periods, many of the blooms did not produce pods.
The adverse weather condition contributed to the
uncontrolled variation or experimental Theerror.
coefficients of variation for cultivar seed yield means were
60 percent for 1987 and 81 percent for 1988. The coefficients
of variation for plant spacing seed yield means were 60
percent for 1987 and 92 percent for 1988.
These coefficients, ranging from 49 to 92 percent, are much
higher than 5.9 to 7.2 percent coefficients reported by
Froussious (13) for seed yield of beans. When the
experimental error is large, treatment differences are
more difficult to detect. Consequently, the experiment
might have failed to indicate differences that existed.
Although the growing conditions were less than optimum





s Monthly rainfall and temperature data of Bowling
Green, Kentuckyosummer 1967 and Ire*.
Rainfall (inches)
Actual 1987 Actual 1988 Normal
May 4.87 2.62 4.16
June 3.02 1.52 4.53
July 8.95 3.99 4.33
August 1.95 2.76 3.33
Temperatures
1987 1988 Normal
Max. Min. Max. Min. Max. Min.
May 82 59 79 50 78.2 54.4
June 87 65 88 59 86.0 62.9
July 89 67 89 68 88.2 67.1
August 89 66 88 67 88.3 65.5
U
cult ivar and spacing treatments support previously reported
results. The significant linear effect of spacing on pod
yield supports results of Wahab at al. (Ji) who found that
higher planting densities gave reduced numbers of pods per
plant. The results for seed yield agree with those reported
by Froussious (13). He found no significant differences for
seed yield between spacing treatments. Also the seeds per
pod and seed weight results are similar to those reported
by Goulden (14) who found no significant differences between
spacing treatments for number of seeds per pod or for seed
weights.
Reliable information on the performance of cultivars
and their response to cultural practices is required for
successful crop production. Had there been more favorable
growing conditions in the present study, cultivar
differences might have been more apparent, spacing effects
might have been better differentiated, and the linear and
more complex relationship might have been better
identified. These relationships should be further explored
and substantiated through continued study. Hopefully,
weather conditions in subsequent years will be more
favorable. However, provisions should be made for irrigating
the beans as needed during the growing season.
The planting plan using equidistant spacing of the
beans seems appropriate for determining effects of
controlled spacings upon bean yield and for characterizing
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the nature (linear. quadratic, etc.) of the responso. Puturo
studies should continue this experimental technique. In
addition, further cultivar-spacing studies should
incorporate traditional row and plant spacing
arrangements that are readily adaptable to mechanized bean
production.
Further research on snap bean (Phdseolus vulgarls_ L.)
is justifiable. Snap bean Is included among the top 30
crops in world food production. Its annual prodution exceeds
10 metric tons in the world. Results of an unpublished
survey conducted by personnel in the Departement of
Agriculture, Western Kentucky University, revealed that
snap beans are being grown by 90 percent of Kentucky home
gardeners. Also, there is increasing interest in and
potential for commercial snap bean production in Kentucky.
sUltmARY
The effects of cultivars and plant spacings on
biological yield, seed yield, seeds per pod, average seed
weight, and harvest index of beans (Phaaeolus vulgaris L.)
were studied in 1987 and 1988. Two cultivars, `Blue Lake 27'
and `Kentucky Wonder 125' and four plant spacings -- 7, 14,
21, and 28 cm, constituted eight treatments that were
arranged in a split-plot with four replications. Each
experimental unit or hill consisted of five plants -- four in
the corners and one in the center of a square. Spacings
treatment were established by varying the distance between
the center plant and the four corner plants. Corner plants
provided competition; only the center plant was harvested for
experimental data. The data were subjected to analysis of
variance procedure for a split-plot design, assuming a fixed
model.
The cultivars had similar biological yield curves during
the 1987 growing season and did not differ significantly for
biological yield at the final harvest either year. Kentucky
Wonder 125 produced significantly higher average seed weight
and harvest index, but fewer seeds per pod, than did Blue
Lake 274. In 1987, seed yield per plant was higher for Blue
34
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Lake 274 than for Kentucky Wonder 125; however, the
cultivars did not differ significantly for seed yield per
plant in 1988.
Spacing treatment ettects were not significant when
expressed through seed yield per plant, seeds per pod,
average seed weight, or harvest index. Spacings affected
biological yield significantly in 1988, but not in 1987. The
linear response of biological yield to spacing was positive
and significant both years. The linear effect of spacings on
pod yield was significant in 1988, but not in 1987.
Drought conditions in 1987 and 1988 adversely affected
bean growth and seed production. The experimental error, as
evidenced by large coefficients of variation for treatment
means, was unusually high. Consequently, some true cultivar
and spacing effects may not have been detected.
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